With the increasing number of young adults seeking orthodontic treatment to improve their smile esthetics or oral function, the time spent wearing brackets is one of the biggest challenges for these patients. Various surgical techniques have been developed over the years to accelerate tooth movement and reduce the total treatment time. A newly introduced, minimally invasive procedure namely piezopuncture, which uses a piezosurgical tool to create multiple cortical punctures through the gingiva, is presented in this report of two extraction cases.
Introduction
Recently, the number of adult patients seeking orthodontic treatment to improve their dentofacial esthetics or oral functions has increased. [1] These patients usually want their treatment duration to be as short as possible to reduce the undesirable impacts of orthodontic appliances on their social lives. Currently, the length of orthodontic treatment with fixed braces can averagely range from one to three years, which is frustrating for many patients. [1] [2] Furthermore, prolonged orthodontic treatment may be associated with more enamel decalcifications, gingival recession or root resorption. [3] [4] Therefore, over years, various attempts have been made to accelerate tooth movement and shorten the treatment period. These attempts can be classified into three following groups. The first group is local or systemic use of certain biochemicals such as interleukins, vitamin D, and prostaglandins. [5] [6] [7] The second group is physical or mechanical stimulation of alveolar bone, which includes the use of magnets and electromagnetic fields, direct electrical current and low-energy laser. [8] [9] [10] [11] The third group includes surgical interventions on periodontal tissues such as undermining interseptal bone (dento-alveolar distraction) and alveolar corticotomies. [12] [13] Wilcko brothers added bone grafting to corticotomies to increase periodontal support in special cases. [14] [15] Corticision was introduces by Kim et al. as an alternative approach for corticotomy procedures.
[ [16] [17] In this flapless technique, incisions are made directly through the gingiva and bone using a combination of reinforced scalpel and a surgical mallet. [16] However, repetitive hammering appears to be rather aggressive and causes fear and discomfort for patients.
In 2009, Dibart et al. [18] suggested a new minimally invasive technique called piezicision, which uses a piezoelectric knife to produce the bony cuts in the buccal cortex and initiate the regional acceleratory phenomenon (RAP) effect.
In 2013, Kim YS et al. proposed a novel procedure for cortical activation called Piezopuncture. [19] Instead of using a piezosurgical scalpel, they used a piezotome, an ultrasonic tool, to develop multiple cortical punctures through the gingiva. This minimally invasive procedure significantly accelerated tooth movements and anabolic activity in dogs. [19] The effect of piezopuncture on the rate and type of tooth movement in human being has not been reported prev- The retraction force was measured using a strain gauge (Dentaurum; Ispringen, Germany) and the force was readjusted at each monthly visit.
The amount of canine distalization (the distance between the distal aspect of lateral incisor and the mesial contact point of canine, as well as the distal aspect of canine to the mesial contact point of second premolar) and canine rotation (the angle between the median palatal raphe and the line through the mesial and distal edges of canine) were measured . These measurements were performed on the scanned pictures of stone models using the smile analyzer software [20] at the beginning (T0) and the end of first (T1) and second month (T2) after operation. In addition, the casts were used to assess the degree of canine mesiodistal tipping using a tooth inclination protractor ( Figure 7 ). (Figure 9 ). The upper dental midline was coincident to the facial midline and the lower dental midline was deviated 2 mm to the right. Anterior crowding was present in both arches (8mm for maxilla and 7mm for mandible).
Dentally, she presented with half-cusp class II canine and molar relationship on the right side, 5mm overjet, and 3mm overbite (Figure 10 ). Cephalometric measurements showed a class II skeletal pattern (Wit's appraisal=2 mm) with mild maxillary protrusion (SNA angle=85˚, SNB angle=80˚) (Figure 11 ). Skeletal verti- showed 2˚ distal tipping. Moreover, the degree of canine distal rotation observed was 3˚ on the control side and 10˚ on the piezopuncture side.
Discussion
Duration of treatment is an important factor for orthodontic patients, particularly for adults. In recent years, notable methods including rapid alveolar distraction and corticotomy-facilitated orthodontics have been developed to shorten the treatment period. [21] [22] Although quite effective, corticotomy procedures are be very invasive and traumatic to patients. These techniques have some disadvantages including potential damage to bone and teeth, long surgical time, patient discomfort after surgery, subcutaneous hematoma of neck and face and possible marginal osteonecrosis.
[23] Consequently, corticision, piezocision, and piezopuncture procedures were introduced as less invasive alternatives for the activation of cortical bone. [16, 19, [24] [25] The newly developed supplemental procedure, piezopuncture, [19] eliminates the use of bone malleting and soft tissue incisions. Hence, this technique is simple for orthodontists and reduces the patient's discomfort during and after surgery.
The mechanism of piezopuncture is based on the biological concept of RAP. Garg [26] stated that RAP is primarily initiated by trauma to the cortical bone.
The multiple piezoelectric punctures in the buccal cortical bone are able to produce a significant amount of osteoclastic activity and demineralization in the areas of tooth movement. The induced high bone turnover is restricted to the surgical areas and effective for the first two months. [24, 27] In an animal study conducted by Kim et al., [19] piezopuncture accelerated the rate of tooth movement and the remodeling process of alveolar bone without causing any damage or side effects.
To our knowledge, the present case report is the first human study on the use of piezopuncture procedure to assist orthodontic tooth movement. Immediately after the piezopuncture surgery, continuous force of 150g was applied for canine distalization and the force was reactivated monthly. We achieved about 1.5mm distal crown movement in first case and near 5mm in second patient, after two months of canine retraction. To assess the mesio-distal inclination of canine teeth relative to the occlusal plane, we used a manual technique with the tooth inclination protractor. [32] However, Abbas NH et al. [29] assessed the changes in canine inclination through cone-beam computed tomography scans taken before and at the end of canine retraction. In the present study, taking CBCT from canine teeth was unnecessary and ethically not justified.
Using piezopuncture technique, we found about 2˚ distal tipping of canine teeth over two months of canine retraction (almost similar to the control side). In a piezocision-assisted canine distalization study by Aylikci et al., [27] 
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